Introduction {#sec1}
============

Mastocytosis is a rare myeloproliferative disease characterized by excessive proliferation and accumulation of mast cells in various tissues. In cutaneous mastocytosis (CM) mast cells infiltration is limited to the skin, whereas systemic mastocytosis (SM) involves internal organs, particularly bone marrow, lymph nodes, liver and spleen \[[@cit0001]--[@cit0004]\]. The excessive proliferation of mast cells is mainly caused by genetic aberration, predominately the *KIT* D816V point mutation which is present in approximately 90% of adults with SM, compared with 35% in pediatric mastocytosis \[[@cit0001]--[@cit0005]\]. In childhood mastocytosis, *KIT* mutations in other loci (exon 8, 9, 11) are more frequently observed \[[@cit0001]--[@cit0005]\]. The most common form of mastocytosis in adults is SM, whereas CM predominates in children. Skin signs and symptoms are present in approximately 80% of all mastocytosis patients \[[@cit0001]\]. Indolent SM (ISM) is the most common variant of the disease in adults, and it is typically associated with a skin involvement with usually a good prognosis. Mast cell mediator-related symptoms such as itching, flushing, hypotension, abdominal pain, cramping, reflux, ulcers, diarrhea, headache, depression, cognitive symptoms and anaphylaxis occur in both CM and SM. According to the recent European Competence Network on Mastocytosis classification, CM is divided into: 1) maculopapular cutaneous mastocytosis (MPCM); 2) diffuse cutaneous mastocytosis (DCM) and 3) mastocytoma of the skin \[[@cit0001]\]. Diagnosis of CM is based on typical morphology of skin lesions, presence of Darier's sign and an increased number of mast cells in biopsy sections of lesional skin. In unclear cases detection of *KIT* mutation in skin lesions may confirm the diagnosis of CM \[[@cit0001]\]. In adults, the diagnosis of CM requires exclusion of systemic involvement \[[@cit0001], [@cit0002]\]. Patients suffering from CM and ISM have normal or near normal life expectancy compared with the general population. Current treatment options are based mostly on an expert opinion rather than evidence obtained from controlled clinical trials. It is partially due to the fact that mastocytosis is a heterogeneous and rare disease with an estimated prevalence of approximately 1 per 10,000 \[[@cit0004]\]. Up to now, no therapy has been developed to achieve a total cure of mastocytosis \[[@cit0003]--[@cit0006]\] ([Table 1](#t0001){ref-type="table"}).

###### 

Treatment strategies in CM \[[@cit0004]--[@cit0007]\]

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Signs and symptoms of cutaneous mastocytosis   First-line therapy                                            Other therapzies                                       Prevention                                        
  ---------------------------------------------- ------------------------------------------------------------- ------------------------------------------------------ ------------------------------------------------- ------------------------------------------------------------------------------------------------
  Skin lesions                                   MPCM/UP                                                       Short-term therapy with topical corticosteroids\       Topical corticosteroids, UVA1, narrow-band UVB\   Identification and avoidance triggers factors including the patients with IgE-mediated allergy
                                                                                                               Treatment is not necessary in the majority of cases    PUVA\                                             
                                                                                                                                                                      Pimecrolimus                                      

  DCM                                            Short-term therapy with topical and oral corticosteroids      UVA1\                                                                                                    
                                                                                                               Narrow-band UVB\                                                                                         
                                                                                                               PUVA                                                                                                     

  Mastocytoma                                    Without treatment or topical corticosteroids                  Surgical excision\                                                                                       
                                                                                                               Injection with crystalline steroid solutions\                                                            
                                                                                                               Pimecrolimus                                                                                             

  Mast cell mediator-related symptoms            Tachycardia\                                                  Second-generation H1 antihistamines\                   Adrenaline\                                       
                                                 Hypotension\                                                  If symptoms persist, increase the dose up to 4 times   H2-antihistamines\                                
                                                 Headache                                                                                                             Oral glucocorticoids                              

  Pruritus\                                      H2-antihistamines\                                                                                                                                                     
  Flushing\                                      Leukotriene antagonist\                                                                                                                                                
  Skin wheals                                    Disodium cromoglycate NSAID (if tolerance is known)\                                                                                                                   
                                                 Topical glucocorticoids\                                                                                                                                               
                                                 PUVA\                                                                                                                                                                  
                                                 UVA1\                                                                                                                                                                  
                                                 Narrow-band UVB                                                                                                                                                        

  Abdominal pain\                                H2-antihistamines\                                                                                                                                                     
  Nausea\                                        Proton pump inhibitors\                                                                                                                                                
  Diarrhea\                                      Oral disodium cromoglycate\                                                                                                                                            
  Duodenal ulcers                                Oral glucocorticoids                                                                                                                                                   

  Anaphylaxis                                    Emergency kit:\                                               Omalizumab in recurrent anaphylaxis\                                                                     
                                                 7.5 to 25 kg body weight: 0.15 mg adrenaline auto-injector\   SIT in Hymenoptera hypersensitivity                                                                      
                                                 ≥ 25 kg body weight: 0.3 mg adrenaline autoinjector\                                                                                                                   
                                                 H1, H2-antihistamines, glucocorticoids                                                                                                                                 
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

DCM -- diffuse cutaneous mastocytosis, PUVA -- UVA plus psoralen, NSAID -- non-steroidal anti-inflammatory drugs, MPCM -- maculopapular cutaneous mastocytosis, SIT -- specific immunotherapy, UP -- urticaria pigmentosa, UV -- ultraviolet.

First-line therapy {#sec2}
==================

The primary goal of CM treatment is the control of mast cell mediator-related symptoms \[[@cit0004], [@cit0007]\]. The antagonists of the histamine receptor are the basis of therapy. Skin symptoms such as pruritus, flushing and the sensation of burning of the skin may be controlled by first-generation and second-generation H1 antihistamines \[[@cit0004], [@cit0005]\]. The first-line drugs are non-sedating H1 antihistamines \[[@cit0004]\]. However, some patients with refractory symptoms may need increased doses of H1 antihistamines to control these symptoms. Correspondingly in urticaria, it is recommended to increase the dose up to 4 times the usual daily dose \[[@cit0004], [@cit0008]\]. If symptoms persist although maximum doses of H1 antihistamines are used, it is reasonable to add H2 antihistamines and leukotriene antagonist, such as montelukast \[[@cit0004], [@cit0005]\]. The Spanish Mastocytosis Center recommends oral disodium cromoglycate (at a dose of 15--20 mg/kg/day in children, 200 mg every 6 h in adults) when the patients suffer from gastrointestinal symptoms or developed a reduction in the cholesterol, triglyceride, ferritin, or vitamin B~12~ level \[[@cit0006]\]. Nevertheless, oral and topical cromoglycate absorption is minimal and the mechanism of its action remains unclear. In patients with sleep-disturbing symptoms, sedating antihistamines in short-term therapy may be advised \[[@cit0007]\]. H2 antihistamines are more effective in gastrointestinal symptoms such as abdominal pain, cramping, diarrhea and gastric hypersecretion \[[@cit0005]\]. In cases with peptic symptoms, which persist despite H2 antihistamines therapy, inhibitors of the proton pump are recommended \[[@cit0005]\]. During the last years, only one controlled clinical trial with H1 antagonist, rupatadine, was performed in patients with mastocytosis \[[@cit0004], [@cit0009]\]. The effectiveness of rupatadine in controlling of mediator-related symptoms and improvement of the patient's quality of life has been proved \[[@cit0004], [@cit0009]\]. Pediatric mastocytosis is mainly limited to the skin disease and transient disease. Therefore, treatment should be focused on symptoms control. High-potency topical glucocorticoids (GCs) in short-term therapy or a crystalline steroid solution injection may be administered in symptomatic mastocytoma. Surgical excision of mastocytoma is indicated only when irritation of the lesion causes severe mast cell mediator-related symptoms or anaphylaxis \[[@cit0004], [@cit0005]\]. In general, topical GCs may reduce skin symptoms and lead to cosmetic improvement \[[@cit0004], [@cit0005]\]. Nevertheless, these medicines should be prescribed only for short-term therapy due to numerous skin side effects including cutaneous atrophy, telangiectasia, hyperpigmentation, hypopigmentation and systemic side effects like osteopenia, or adrenocortical suppression in repeated or extensive application \[[@cit0004], [@cit0005], [@cit0007]\]. Systemic GCs are not recommended in CM because of their systemic, serious side effects, particularly diabetes, high blood pressure, osteoporosis, infections, cardiovascular disease and Cushing syndrome. However, systemic GCs can be ordered in short-time therapy in extremely severe CM with mediator-related symptoms or bullous lesions \[[@cit0010], [@cit0011]\]. Taking into account that pediatric CM is mostly benign disease, only non-sedating H1 antihistamines are required in the majority of cases.

Second-line therapy {#sec3}
===================

Phototherapy or photochemotherapy may be considered as therapeutic options because they result in partial remission of skin lesions and pruritus reduction \[[@cit0004], [@cit0012], [@cit0013]\]. Recently Brazzelli *et al.* has published a research report on 20 patients with CM and ISM treated with PUVA-therapy (UVA plus psoralen therapy) and NB-UVB (narrow-band UVB) \[[@cit0012]\]. As the result of the therapy, improvement of skin lesions and reduction of pruritus were achieved \[[@cit0012]\]. Considering a self-limiting course of childhood-onset mastocytosis, phototherapy is not recommended in children. In general, phototherapy and photochemotherapy in adults are assessed as methods of limited efficacy, because they lead to only partial and temporary improvement of skin signs and symptoms. In addition, the carcinogenic effect of phototherapy and photochemotherapy should be considered, particularly in long-term or recurrent ultraviolet phototherapy which is needed to achieve skin response in CM \[[@cit0004], [@cit0012]\]. Therefore, it is recommended to use NB-UVA, UVA1 or PUVA therapy as second-line therapy, when antihistamines do not result in reduction of mast cell mediator-related symptoms \[[@cit0004]\]. Based on the experience of some authors, neodymium-doped yttrium aluminum garnet laser therapy is potentially beneficial for some patients e.g. with a skin lesion on the face. The laser therapy is not widely used in CM due to different intensity and distribution of skin lesions \[[@cit0004], [@cit0014]\]. Other options, which may be considered in topical treatment of CM, include disodium cromoglycate at a concentration of 0.21--4% in aqueous solutions and pimecrolimus \[[@cit0006], [@cit0015]\].

Potential therapeutic strategies {#sec4}
================================

In recent years, omalizumab, a monoclonal antibody which selectively binds human IgE, has been shown to be a favorable therapeutic option in mastocytosis associated with recurrent anaphylaxis \[[@cit0004], [@cit0016]--[@cit0018]\]. Kibsgaard *et al.* reported full remission of anaphylaxis after omalizumab therapy in a 31-year-old male with indolent SM and episodes of idiopathic anaphylaxis \[[@cit0017]\]. Also Matito *et al.* reported a case of a 12-year-old girl with CM who was successfully treated with 3 doses of 450 mg with an injection every 4 weeks \[[@cit0018]\]. These patients had a complete and long-term remission of severe mast cell mediator-related symptoms \[[@cit0018]\]. So far, despite the beneficial results, the use of omalizumab in patients with mastocytosis associated with recurrent anaphylaxis has been experimental. The results of an ongoing controlled clinical trial have not been published yet.

Imatinib mesylate, an oral tyrosine kinase inhibitor, is approved by the US Food and Drug Administration for treatment of aggressive SM without the D816V *KIT* mutation or with an unknown mutation status \[[@cit0002]\]. Therefore, it has a limited role in the treatment of SM patients, the majority of whom harbor D816V *KIT* mutation. The most common drug side effects were diarrhea and peripheral edema \[[@cit0002]\]. Interestingly, in recent years, successful administration of imatinib in CM has been reported \[[@cit0019]--[@cit0021]\]. Morren *et al.* reported 2 children with DCM without D816V *KIT* mutation treated with imatinib with good response. It is worth mentioning that these 2 patients had a regulatory type of *KIT* mutation, which are sensitive to imatinib \[[@cit0019]\]. This therapy resulted in resolution of skin lesions and it was well tolerated \[[@cit0019]\]. However, the cumulative published findings to date are not sufficient for recommending imatinib in CM therapy.

Masatinib is a new, highly selective oral tyrosine kinase inhibitor that targets wild-type *KIT* kinase, LYN and FYN kinase which have a crucial role in pathogenesis of mastocytosis \[[@cit0022]\]. Phase 2 study has shown a beneficial effect in both SM and CM patients, regardless of their *KIT* mutation status \[[@cit0023]\]. Randomized, phase 3 study revealed that masatinib is an effective and well-tolerated medicine in severe symptomatic patients with indolent SM \[[@cit0022]\]. The safety profile of the drug is beneficial, long-term incidence of adverse events was equivalent to \<i\>placebo\</i\> \[[@cit0022]\]. Masatinib may become a promising therapeutic option in CM, however further studies are required.

The cytoreductive therapy in patients with SM usually results in partial or complete remission of cutaneous symptoms \[[@cit0004], [@cit0024]--[@cit0028]\]. Barete *et al.* reported a positive effect of treatment with cladribine in 3 patients with CM \[[@cit0025]\]. In the experience of some authors, cladribine is a beneficial treatment with an acceptable safety profile in mastocytosis patients refractory to multiple symptomatic therapies and might be considered as a treatment option in symptomatic CM or indolent SM patients in consideration of the benefit-risk balance \[[@cit0024]--[@cit0026]\]. Interferon-α (IFN-α) is also often considered the first-line cytoreductive therapy in symptomatic SM \[[@cit0002]\]. It has been reported that remission of skin symptoms was observed as the result of IFN-α therapy in the majority of SM patients \[[@cit0027]\]. Interestingly, Rosario and Bhat recently reported a successful therapy with IFN-α in a 45-year-old male patient with CM who received 84 injections of IFN-α (3 million IU twice weekly) \[[@cit0028]\]. Although the disappearance of skin lesions has been reported as the result of cytoreductive therapies in SM, the use of potentially toxic drugs in CM is not recommended \[[@cit0003], [@cit0004], [@cit0006], [@cit0007]\].

The raft modulator such as miltefosine, seems to be a promising option in topical treatment of CM. Based on Hartmann *et al.* observations, miltefosine decreased wheals and size of skin lesions in patients with CM. Furthermore, the histomorphometric analysis has shown a reduced number of mast cells in the upper papillary dermis \[[@cit0029]\]. However, in comparison with clobetasol, miltefosine treatment was often associated with eczematous skin irritation \[[@cit0029]\].

Prevention of the anaphylaxis {#sec5}
=============================

The prevention of the anaphylactic reactions include identification and avoidance of trigger factors for mast cells degranulation. In general, common triggers for mast cells degranulation include Hymenoptera sting, drugs (opioids, non-steroidal anti-inflammatory drugs, muscle relaxants, iodinated contrast media), stress, alcohol, spicy foods, heat, cold and exercise \[[@cit0004], [@cit0005], [@cit0007], [@cit0030], [@cit0031]\]. On the other hand the avoidance of all potential triggers described in the literature is not necessary, but should be individualized according to the patient's experience \[[@cit0004], [@cit0007]\]. With regard to the high risk of anaphylaxis in adult patients with mastocytosis, being equipped with 2 adrenaline autoinjectors of 0.3 mg is recommended \[[@cit0032]\]. The risk of anaphylaxis in childhood-onset mastocytosis is lower than in adults. It is estimated to be 5--10% in children compared with 22--50% in adults with mastocytosis \[[@cit0007], [@cit0031], [@cit0033]--[@cit0037]\]. Hence, there is no consensus whether to prescribe an adrenaline autoinjector for all children with CM \[[@cit0004], [@cit0007]\]. Surely enough, providing an adrenaline autoinjector is recommended for CM children with an extensive skin involvement, blistering, persistently elevated serum tryptase level and anaphylaxis in medical history \[[@cit0004], [@cit0007]\]. The adrenaline dose is 0.15 mg for children with 7.5 to 25 kg body weight and 0.3 mg above 25 kg body weight \[[@cit0032]\].

The anesthetic and surgical procedures are the risk factors of mast cell mediator-related symptoms and anaphylaxis in all patients with mastocytosis, however the incidence of perioperative anaphylaxis is low. The surgical procedures and anesthesia should not be avoided in patients with mastocytosis. Nevertheless, mastocytosis patients require prophylactic antimediator therapy (PAT) and adequate anesthetic management. The PAT is based on H1/H2 antihistamines, glucocorticoids and benzodiazepines given 1 h before the anesthesia \[[@cit0033], [@cit0038]\]. It is suggested to avoid morphine and codeine \[[@cit0039], [@cit0040]\], thiopental \[[@cit0040]\], succinylcholine \[[@cit0040]\], mivacurium \[[@cit0040], [@cit0041]\], atracurium \[[@cit0040], [@cit0041]\], rocuronium \[[@cit0040]\], nefopam \[[@cit0041]\]. If opioids are needed, the administration of fentanyl and alfentanil is recommended \[[@cit0041]\].

Hymenoptera specific immunotherapy (SIT) is recommended in mastocytosis patients with IgE-mediated anaphylactic reactions to honey bee or wasp or both. SIT in *Hymenoptera anaphylaxis* is the only available option that reduces the risk of life-threatening episodes and should be performed life-long in patients with mastocytosis \[[@cit0042], [@cit0043]\].

To summarize, pure CM in children is mostly a benign and transient disease. Therefore, the main aim of treatment is to control mediator-related symptoms with antihistamines and short-term topical corticosteroids therapy. In adults, the disease limited to the skin is a rarity and treated mainly as a cosmetic problem. In the majority of adults, skin involvement is associated with SM. Thus, drug administration, prevention and follow-up should be individualized depending on disease manifestation.
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